Taabo Lake is facing eutrophication process characterized by a permanent and continuous colonization of its water body by invasive aquatic macrophytes since 1990. Until now, there is limited knowledge of its ecological state. The purpose of this study is to examine the spatial distribution and structure of benthic macroinvertebrates in Taabo Lake. Benthic macroinvertebrates were sampled from July 2006 to June 2007 using an Ekman grab. Four sampling stations were selected on the area of the reservoir along a longitudinal gradient: Sahoua and Ahondo in the upper part; Taabo Cité and Taabo Village in the lower part. Overall, 29 taxa belonging to 17 families, 7 orders and 3 classes were recorded. A total of 4028 individuals were collected. Insecta (53.21%) were most represented, followed by Gasteropoda (36.15%) and Oligochaeta (10.64%). A better knowledge of the ecological traits of species and the identification of indicator taxa will permit to develop a Benthic Quality Index able to monitor the lakes and man-made reservoirs of Côte d'Ivoire.
INTRODUCTION
The hydroelectric dams, whose essential role is the production of electricity, contribute not only to the water supply of the population, but also support agricultural activities and fishing. The artificial reservoirs generated by these hydropower dams provide many valuable economic services to the bordering populations mainly though their halieutic resources. However, the availability of halieutic resources of these aquatic systems is threatened because of overexploitation of stocks and pollution (Camargo et al., 2005; Conley et al., 2009 ).
Taabo Lake is particularly facing eutrophication characterized by a permanent and continuous colonization of its water body by invasive aquatic macrophytes since 1990 (Kouassi, 2007) . This situation, generally caused by an enrichment of the reservoir with nutrients and pesticides coming from surrounding agricultural areas, threatens aquatic living resources in terms of availability, diversity and structure (Bonada et al., 2006; Roche and Tidou, 2009 ). Taabo Lake is a major source of water supply for domestic and agricultural purposes in the region. Subsistence agriculture and human settlement are the main types of land use around the reservoir which stands as an essential halieutic resource for the local populations and the inhabitants of Abidjan as well (Tidou, 2009 ). Due to its crucial importance on a local scale, this ecosystem must be well-managed. To reach this objective and for the conservation of freshwater resources in Taabo Lake, the understanding of the ecological structure and function of the various biological communities is a prior step. Indeed, the distribution of organisms relative to their habitat is of central importance in ecology. Nanami et al. (2005) reported that the nature of this distribution provides information on the types of ecological processes that regulate settlements and assemblages. This makes it possible to understand the complex dependency of one compartment on the others. In aquatic ecosystems, the benthic compartment is the most sensitive zone because it receives all particles contained in the water body by sedimentation (Arienzo et al., 2001) .
Therefore, benthic communities are increasingly studied (Tumwesigye et al., 2000; Ndaruga et al., 2004; Camara et al., 2012) . They are commonly used as indicator of ecological disturbance (Lewis et al., 2001; Piedras et al., 2006) due to their sensitivity to environmental changes and easiness of sampling. Benthic macroinvertebrates are crucial to the functioning of aquatic ecosystems according to their role in nutrient recycling (Devine and Vanni, 2002; Edia et al., 2007) and their importance as essential food-web components that link primary production to fisheries (Diomandé et al., 2001; Tachet et al., 2003; Kouamélan et al., 2006) .
Despite their functions described above, there are few reports on the benthic macroinvertebrates living in freshwater ecosystems of Côte d'Ivoire (Diomandé and Gourène, 2005; Edia et al., 2007; Camara et al., 2012) . Concerning Taabo Lake, only the works of Kouamé et al. (2010) and kouamé et al. (2011) exist. These papers dealt with macroinvertebrates associated to macrophyte habitats. The present study, carried out in order to increase our knowledge on the structure and functioning of Taabo Lake, propose to (1) describe the composition of benthic macroinvertebrates and (2) analyse the spatial distribution and structure of these organisms.
MATERIALS AND METHODS

Study area
The present study was carried out on Taabo Lake, a man-made reservoir in Côte d'Ivoire (West Africa). Located on the Bandama River between 5°07' W and 6°40' N, the reservoir extends on 69 km² with 26% of its water area covered by invasive macrophytes (Figure 1 ). It is a major source of water supply for domestic and agricultural purposes. Subsistence agriculture and human settlement are the main types of land use around the reservoir which stands as an essential halieutic resource for the local populations and the inhabitants of Abidjan as well (Tidou, 2009) . Its catchment area is roughly 58700 km². The maximum water depth is 3.4 m. The climate is tropical and humid with a mean annual temperature of 28.2 °C, whereas the mean annual precipitation is 1101.5 mm (Kouassi et al., 2007) .
Sampling design
Samples were collected in Taabo Lake from July 2006 to June 2007 at four sites following a longitudinal gradient (Figure 1 ): the stations of Sahoua and Ahondo were located in the upper part of the reservoir and those of Taabo Village and Taabo Cité in the lower part. At each station, four campaigns were conducted during the sampling period. They were carried out in July and December 2006, March and June in 2007. Five sediment samples were collected by station using an Ekman grab (area = 15 x 15 cm) and sieved in situ by a 1mm mesh. The material retained on the mesh was fixed in 5% formol solution. In the laboratory, the macroinvertebrates were sorted and identified at the lowest taxonomic level possible using appropriate literature (Dejoux et al., 1981; Diomandé et al., 2000 and Tachet et al., 2003) . Oligochaeta had not been identified beyond of class owing to the lack of keys.
For each campaign, sediment sampling was coupled with in situ measurements of physical and chemical parameters including temperature, hydrogen-ion concentration (pH), electric conductivity, dissolved oxygen (O 2 ) and turbidity. Water turbidity was recorded using a turbidimeter AQUA LYTIC while the other parameters were recorded with a multi-parameter analyser WTW 340i.
Data analysis
The macroinvertebrate structure was described through abundance, density (individuals/m²) and three alpha diversity measure, including species richness R (number of taxa), Shannon diversity index (H') and Piélou evenness index (E). A beta diversity index was applied in order to evaluate the taxonomic similarity between the four stations defined. We applied Whittaker index (βw) to all pairs of sites, calculated as: βw = (Sr/α mean ) -1, where Sr is the total richness in each site and α mean the mean richness across both sites. Significant differences in abiotic parameters, densities, Shannon diversity index (H') and Piélou evenness index (E) between stations were performed using a Kruskal-Wallis test followed by multiple comparison ranks (Camara et al., 2012) . Before performing these comparison tests, the normality of data was checked by the Kolmogorov-Smirnov test (p>0.05 at all stations). Analyses were carried out using the software package Statistica version 7.1. A significance level of p<0.05 was considered. 
RESULTS
Abiotic parameters
Taxonomic composition
A total of 29 benthic macroinvertebrates taxa belonging to 17 families, 7 orders and 3 classes (Gastropoda, Insecta, Oligochaeta) were identified during this study (Table 2 ). The richest class was Insecta (24 taxa) followed by Gastropoda (4 taxa). Oligochaeta were considered as 1 taxon. The class of Gastropoda includes 4 species divided into 3 families all belonging to the order of Mesogastropoda. These species (Cleopatra bulimoides, Melanoides tuberculata, Lanistes varicus and Bulinus globosus) were only found at Taabo Cité and Taabo Village. Insecta was represented by 6 orders:
Ephemeroptera, Trichoptera, Heteroptera, Odonata, Coleoptera and Diptera. This last order is the most diversified with 10 taxa belonging to 4 families (Ceratopogonidae, Chaoboridae, Chironomidae and Culicidae). Among these families, Chironomidae were the most diversified with 6 taxa: Ablabesmyia sp., Chironomus sp., Cricotopus sp., Stenochironomus sp., Polypedilum sp. and Tanytarsus sp.. In addition, these species were common to all the study sites.
The analysis of the taxonomic richness showed that Taabo Cité is most diversified (17 taxa), followed by Sahoua (15 taxa) and Ahondo (13 taxa). Taabo Village had the lowest taxonomic richness (10 taxa). The low values of β W were observed for the pairs of stations Ahondo-Sahoua (0.38) and AhondoTaabo Cité (0.41) while highest values were obtained for the pairs Taabo Cité-Taabo Village (0.58), Sahoua-Taabo Cité (0.62), Ahondo-Taabo Village (0.71) and SahouaTaabo Village (0.81).
Spatial assemblage structures
Throughout the survey period, 4028 individuals including 2088 at Taabo Cité, 1412 at Taabo Village, 400 at Ahondo and 128 at Sahoua were collected. Insecta, Gastropoda, and Oligochaeta represented respectively, 53.21%, 36.15% and 10.64% of the sampled individuals. Melanoides tuberculata, Chironomus sp. and Polypedilum sp. were the most dominant species and were especially found at Taabo Cité and Taabo Village (Figure 2) . At both stations, the densities of sampled Gastropoda, ranged from 920 to 4 660 ind/m² and from 880 to 2450 ind/m² respectively (Figure 3) . Ahondo showed the highest densities of Oligochaeta (144 to 2270 ind/m²). The highest densities of Insecta were recorded at Taabo Cité (from 33 to 11800 ind/m²) and Taabo Village (from 335 to 7800 ind/m²). Kruskal-Wallis test revealed a significant variation of the macroinvertebrates densities between sites (p < 0.05).
The Shannon index respectively reached high and low values at Sahoua (2.15) and Ahondo (0.42). As for the evenness, the highest value was obtained at Sahoua station (0.86) and weakest at Taabo Cité (0.33). At Sahoua, the Shannon index and evenness vary from 0.8 to 2.15 and from 0.6 to 0.86 respectively. These indices did not differ significantly among stations (Kruskal-Wallis test, p > 0.05).
DISCUSSION
The difference of turbidity observed between the sites may be explained by the water velocity. The dam alters water flow and enhances sedimentation rate (Palmer et al., 2000; Kouassi et al., 2007) . This situation may lead to the weaker values of turbidity at Taabo Cité and Taabo Village.
The settlement of collected benthic macroinvertebrates includes 29 taxa divided into 17 families, 7 orders and 3 classes. Taabo Lake taxonomic richness was lower than that obtained by Diomandé and Gourène (2005) in Lake Ayamé I (Côte d'Ivoire) but showed higher densities of macroinvertebrates. That suggests a great availability of benthic trophic resources in this reservoir. In terms of diversity, Kouamé et al. (2010) and Kouamé et al. (2011) found 68 and 43 taxa of macroinvertebrates respectively. They worked on the macroinvertebrates associated to macrophyte habitats. Their results showed the importance of macrophyte habitats on macroinvertebrates taxonomic diversity. Indeed, these habitats are used by the macroinvertebrates as food resource, shelter against predators and for reproduction (Murphy and Giller, 2000; Jesus, 2006) .
Globally, the composition of the settlement (Oligochaeta, Gastropoda and Insecta) corresponds to that generally encountered in freshwater sediments (Kabré et al., 2002; Diomandé and Gourène, 2005) . According to Pointier et al. (2004) , the low specific richness of Gastropoda is typical to the malacological fauna of tropical freshwaters which is relatively impoverished, compared to marine or terrestrial fauna. Insecta were found at all stations and represent the most diversified class with 24 taxa. The insects colonize all the aquatic environments owing to their dispersal capacity with strong preference for freshwaters (Tachet et al., 2003) .
Collected in a large amount, Gastropoda and Insecta seem to meet better ecological conditions in the lower part of the reservoir (lacustrine zone). Melanoides tuberculata within Gastropoda is an invasive species which may cause the displacement of the planorbid Biomphalaria (Pointier and Jourdane, 2000) . The insect densities recorded at Taabo Cité and Taabo Village are mainly dominated by Chironomidae (Chironomussp. and Polypedilum sp.). Leonard and Ferrington (2007) mentioned that Chironomidae are big consumers of algae. The high densities at Taabo Cité and Taabo Village let us suppose that these sites are characterized by an important development of algae. According to Ouattara et al. (2001) , stagnant waters promote algae reproduction and development so that the Chironomidae of both zones found enough algae to fulfil their foodneed. As for Oligochaeta, it is a sediment-dwelling organism which primarily feeds on detritus (Tachet et al., 2003) . So, their abundance observed at Ahondo station might be related to the substrate nature, which is characterized by the presence of mud and macrophytes rests. The substrate nature is of importance in benthic macroinvertebrates distribution (Camara et al., 2012) . The taxonomic richness is maximum at Taabo Cité (presence of macrophyte, detritus throughout the year) and minimal at Taabo Village (sandy substrate). At Taabo Village the tidal range varies considerably, throughout the year because of the hydropower functioning and topography. Then the macrophytes at this site often become riparian vegetation after water edge receding causing insects settlement instability. Moreover, the beta diversity index (βw) presents a low value at these stations (0.38). This value indicates a high turnover between both stations otherwise the taxonomic similarity between them could result of various facts. Note that the taxonomic richness of Sahoua and Ahondo is largely due to the insects. They hold a dispersal ability allowing them to move from a station to another nearby (Sites et al., 2003) . Moreover, the water flow at Sahoua station could facilitate the downstream drift of insects to Ahondo (Shearer et al., 2002 
Conclusion
This study allowed us to identify 29 taxa of benthic macroinvertebates in Taabo Lake dominated by Insecta and Gastropoda. Insecta and Gastropoda occurred mainly in the lacustrine zone of the reservoir, where turbidity is low due to strong sedimentation. However, further investigation should be performed in order to have an insight about the temporal variation of macroinvertebrates assemblages following a seasonal scale. 
